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(54) Ink, Ink-set, and Image recording process for improving density of ink-jet recorded image 

(57) An ink is provided which suppresses the influ- 
ence of the kinds of recording media on the image qual- 
ity, is excellent in image quality, effectively inhibits the 
occurrence of bleed upon the formation of color images, 
is excellent in long-term shelf stability and stably forms 
high quality images. The ink contains at least one salt 
selected from the group consisting of (M 1 ) 2 S0 4 , 
CH 3 COO(M 1 ), Ph-COO(M 1 ), (M 1 )N0 3 , (M 1 )CI, (M 1 )Br, 
(M 1 )l, (M 1 ) 2 S0 3 and (M 1 ) 2 C0 3 , wherein M 1 represents 
an alkali metal, ammonium or organic ammonium, and 
Ph represents a phenyl group, and a self-dispersing ani- 
onic carbon black having a functional-group density of 
at least 1.8 (p/nol/m 2 ) on its surface. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

roooil The present invention relates to an ink, an ink set, an ink cartridge, a recording unit, a color-image recording 
apparatus, an image recording process, a color-image forming process, and a method for improving the density of an 
ink-jet recorded image. 

Related Background Art 

[00021 Inks using carbon black which is a black colorant capable of providing prints high in optical density and 
excellent in fastness properties and the like have heretofore been proposed as blackinksfor.writing utensils (fountain. 

is pens, fett-tip pens, ball-point pens, etc.) and black inks for ink-jet. 

[00031 In recent years, detailed researches and developments have been made from various approaches such as 
composition and physical properties of inks so that good recording can be made even on plain paper such as paper for 
copying, paper for reporting, notepaper, letter paper, bond paper and continues slip paper which are commonly used in 
offices. For example, Japanese Patent Application Laid-Open Nos. 61-283875 and 64-6074 disclose water-based pig- 

20 ment inks comprising carbon black and a dispersing agent. Japanese Patent Application Laid-Open No. 8-3498 has 
offered a technical problem that when an ink comprising carbon black together with a dispersing agent is used as an 
ink for ink-jet printer, ejection becomes unstable, or sufficient optical density is not achieved, and discloses a water- 
based pigment ink using a self-dispersing carbon black, but using no dispersing agent, as an ink capable of solving 
• such a problem. .. • 
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SUMMARY OF THE INVENTION 



[0004] When printing is conducted on paper having high permeability, such as plain paper, with the conventional 
water-based inks, sharpness of characters printed may be impaired, or image density may be deteriorated to impair 
image quality in some cases. In order to solve such a problem, it is considered to improve the coloring ability of inks by 
causing the inks not to penetrate into a recording medium as much as possible. In this case, however, another problem 
arises: the inks remain on the recording medium without penetrating into the recording medium, and so-called bleed- 
ing" between different colors occurs at boundaries between them when a color image is formed. 
[0005] It is therefore an object of the present invention to solve the above-described problems involved in the prior 
art and provide an ink, an ink set. an ink cartridge, a recording unit, a color-image recording apparatus, an image 
recording process and a color-image forming process which can prevent influence on image quality by the kinds of 
recording media, stably provide images excellent in image quality, effectively inhibit the occurrence of bleeding upon the 
formation of color images and are excellent in long-term shelf stability in ink. 

[0006] Another object of the present invention is to provide a water-based ink for ink-jet which can provide images 
40 extremely high In optical density, is low in dependence of the image density on recording media, has excellent stability 
and is hard to cause bleeding with another color ink on a recording medium when it is used in color recording. 
[0007] A further object of the present invention is to provide a method for further improving the density of an image 
obtained by an ink-jet recording method using an ink containing a self-dispersing carbon black. 
[0008] The above objects can be achieved by the present invention described below. 

[0009] According to an embodiment of the present invention, there is thus provided an ink comprising at least one 
salt selected from the group consisting of (M 1 ) 2 S0 4 . CH 3 COO(M 1 ), Ph-COO(M 1 ), (M 1 )N0 3 . (M 1 )CI. (M 1 )Br, (M )\ 
(M^SOo and (M 1 ) 2 C0 3 , wherein M 1 represents an alkali metal, ammonium or organic ammonium, and Ph represents 
a phenyl group, and a self-dispersing anionic carbon black having a functional-group density of at least 1.8 (jxmol/m ) 

on its surface. . 
[001 0] According to another embodiment of the present invention, there is also provided an ink comprising at east 
one salt selected from the group consisting of (M 1 ) 2 S0 4 , CH 3 COO(M 1 ). Ph-COO(M 1 ). (M 1 )N0 3 . (M 1 )CI. (M 1 )Br. (M ) , 
(M 1 V,S0 3 and (M 1 ) 2 C0 3 , wherein M 1 represents an alkali metal, ammonium or organic ammonium, and Ph represents 
a phenyl group, and a self-dispersing anionic carbon black having a functional-group density of at least 0.45 (mmol/g) 
on its surface, the ink undergoing no substantial change in viscosity even when it is stored for one month in an environ- 

55 ment of 60°C. . . 

[001 1 ] According to an embodiment of the present invention, there is further provided an ink set comprising in com- 
bination a water-based color ink comprising at least one coloring material selected from among coloring materials for 
cyan magenta, yellow, red. green and blue, and the above-described ink according to the present invention. 
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[0012] According to an embodiment of the present invention, there is still further provided an ink cartridge compris- 
ing an ink tank which contains the above-described ink according to the present invention. 

r0O131 According to an embodiment of the present invention, there is yet still further provided a recording unit com- 
prising an ink container portion containing an ink-jet ink and a head portion for ejecting , the ink. 
at least one salt selectedfrom the group consisting of (M 1 ) 2 S0 4 , CH 3 COO(M 1 ), Ph-COO(M 1 ), (M 1 )N0 3 , (M )C\ (M )Br. 
(M 1 )l (M 1 ) 2 S0 3 and (M 1 ) 2 C0 3 , wherein M 1 represents an alkali metal, ammonium or organic ammonium, and Ph rep- 
resents a phenyl group, and a self-dispersing anionic carbon black having a functional-group densrty of at least 1.8 

Acctrdintto'an embodiment of the present invention, there is yet still further provided an image recording 
apparatus comprising an ink-jet ink and a recording head for ejecting the ink, the ink ^ttow 
selected from the group consisting of (M'fcSO* CH 3 COO(Mi), ^ (M ^)N0 3 , (M )Q (M )Br, (M )L 
(M^SOa and (M\C0 3 , wherein M 1 represents an alkali metal, ammonium or organic ammonium and P* im 
a "phenyl grouped a self-dispersing anionic carbon black having a functional-group density of at least 1 .8 fcmol/m*) 

roofs^Tccording to another embodiment of the present invention, there is yet still, further provided a c°>or-image 
recording apparatus comprising an ink container portion containing an ink-jet ink comprising at least one seteted 
from the group consisting of (tffeSO* CH 3 COO(M 1 ), Ph-COO(Mi). (M i )N o 3> (M 1 )C |, (M')Br (M 1 )l. (M'fcSO* . and 
SSLSSi wherein Mi represent an alkali metal, ammonium or organic ammonium and Ph ropresente a phe J 
group, and a self-dtepersing anionic carbon black having a functional-group density of at .east 18 (»imol/m ) on rts sur- 
face, another ink container portion containing a water-based, ink-jet color ink comprising at least one ootonngmM 
selected from among coloring materials for cyan, magenta, yellow, red, green and blue, and recording head port,ons for 
resoectivelv electing the inks contained in the respective ink container portions. 

[0W6] According to an embodiment of the present invention, there is still further provided an image recording proc- 
ess comprising. the step of ejecting an ink-jet ink comprising at least one salt selected from the group cons.st.ng of 

senS an alkali metal, ammonium or organic ammonium, and Ph represents a phenyl group, and a ^-*P"*V 
onic carbon black having a functional-group density of at least 1.8 (umol/m*) on its surface toward the surface of a 
recording medium to apply the ink to the surface thereof, thereby recording an image. 

[00171 According to an embodiment of the present invention, there is still further provided a process for forming a 
color Image comprising the steps of ejecting a first water-based, ink-jet ink comprising «J*^™£™ n J™^ 
selected f rom among coloring materials for cyan, magenta, yellow, red, green and blue toward the surface of roc** 
ing medium to appty the ink to the surface thereof; and ejecting a second ink-jet iW' ^ ™ ^STJS 
from the group consisting of (M^SO* CH 3 COO(M'), Ph-COO(M\ (^)N0 3 , (M 1 )Ci, (N/P )Br (M 1 )l. & 
(M'feCOs, wherein M 1 represents an alkali metal, ammonium or organic ammonium and Ph "P"™* * P he "V' 
group and a serf-dispersing anionic carbon black having a functional-group density of at least 1 .8 (nmol/m ) on Its sur- 
face toward the surface of the recording medium to app* the second ink to the surface thereof. 
[0018] When such constitution is adopted, the dispersibility of the self-dispers.ng carbon black n the ink can be i s*H 
more stabilized by making the functional-group density on its surface a level as high as at least 1 J . ftimoUn ) or at ^ 
0.45 (mmol/g). On the other hand, the saft is contained in the ink. whereby sohd-l.qu.d separation in the ink afterthe nk 
is applied to the recording medium can be quick* caused, and so both stabinty of ^If-dispers.ng 
ink and the image density by the ink, which have heretofore been considered to be difficult to be reconciled can be rec- 
koned at a Ngh level. By making solid-liquid separation faster, the bleeding with another ink on the recordmg medium 
when such an ink is used in recording of color images can be effectively inhibited. 

mi 9] According to another embodiment of the present invention, there is yet still further provided a water-so uble 
nHet ink comprising a serf-dispersing carbon black having an average particle diameter of at .east 90 nm and stably 
dfepersed in an aqueous medium, and a salt, wherein the density of an image obtained by the ink is lowered when the 

SlsSr Adding to an embodiment of the present invention, there is yet still further provided a method for jmprov- 
ng the image density of an ink-jet recorded image formed with an ink comprising a self-dispersing carbon btek hav ng 
an average particle diameter of at least 90 nm and stably dispersed in an aqueous medium^ the method compnsmg 
causing a salt to be contained as an agent for inhibiting penetration of the self- dispersing carbon black into the mtenor 

[O^r^By ZSX such ^embodiment, an image having such a high densrty that cannot be achieved by the soie 
use of self-dispersing carbon black having a great particle diameter can be obtained. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0022] 



5 Fig. 1 is" a longitudinal cross-sectional view illustrating a head of an ink-jet recording apparatus according to an 

embodiment 

Fig. 2 is a transverse cross-sectional view taken along line 2-2 in Fig. 1 . 
Fig. 3 schematically illustrates a multi-head. 

Fig. 4 is a schematic perspective view illustrating an ink-jet recording apparatus according to an embodiment. 
w Fig. 5 is a longitudinal cross-sectional view of an ink cartridge according to an embodiment. 
Fig. 6 is a perspective view illustrating an exemplary recording unit. 

Fig. 7 is a schematic perspective view illustrating another exemplary construction of an ink-jet recording head. 
Rg. 8 schematically illustrates a recording head in which 4 ink cartridges are installed. 

FtgT 9 ^schematically illustrates the construction that 4 recording heads are ar^ - - - 

15 Figs. 1 0A, 1 0B and 1 0C schematically illustrate a process of solid-liquid separation at the time a salt-containing pig- 
ment ink has been applied to a recording medium. 

Figs. 1 1 A, 1 1 B and 1 1 C schematically illustrate a process of Solid-liquid separation at the time a pigment ink con- 
taining no satt has been applied to a recording medium. 

Fig. 12 diagrammatically illustrates the tendency of changes in density of images obtained by a salt-containing ink 
20 and an ink containing no salt when the average particle diameter of self-dispersing carbon black contained in both 
inks is changed. 

Fig. 13 schematically diagrammatically illustrates the relationship between the functional-group density on the sur- 
face of serf-dispersing carbon black and the density of an image obtained by an ink Containing such carbon black. 
Fig. 14 is a schematic perspective view illustrating principal parts in an exemplary Jnk-jet printer capable of install- 
25 ing a liquid-ejecting head. 

Rg. 15 is a schematic perspective view illustrating an exemplary ink-jet cartridge equipped with the liquid-ejecting 

head. . 
Rg. 16 is a schematic perspective view typically illustrating principal parts of an exemplary liquid-ejecting head. 
Rg. 17 is a conceptual view illustrating a part extracted from the exemplary liquid-ejecting head. 
30 Rg. 18 is an enlarged view illustrating a part of the ejection openings shown in Rg. 17. 

Rg. 19 schematically illustrates a state that an ink has attached to the ejection opening portion shown in Fig. 1 8. 
Rg. 20 typically illustrates a principal part in Fig. 17. 

Rg. 21 is a schematic cross-sectional view corresponding to an X-X perspective sectional form in Fig. 20 and illus- 
trating an ejecting operation of a liquid in the liquid-ejecting head with time together with Rgs. 22 to 28. 

35 Rg. 22 is a schematic cross-sectional view corresponding to an X-X perspective sectional form in Fig. 20 and illus- 
trating an ejecting operation of the liquid in the liquid-ejecting head with time together with Figs. 21 and 23 to 28. 
Rg. 23 is a schematic cross-sectional view corresponding to an X-X perspective sectional form in Fig. 20 and illus- 
- trating an ejecting operation of the liquid in the liquid-ejecting head with time together with Figs. 21 , 22 and 24 to 28. 
Rg. 24 is a schematic cross-sectionai view corresponding to an X-x perspective sectional form in Rg. 20 in the hq- 

40 uid-ejecting head and illustrating an ejecting operation of the liquid in the liquid-ejecting head with time together 
with Figs. 21 to 23 and 25 to 28. 

Rg. 25 is a schematic cross-sectional view corresponding to an X-X perspective sectional form in Rg. 20 and illus- 
trating an ejecting operation of the liquid in the liquid-ejecting head with time together with Figs. 21 to 24 and 26 to 
28. 

45 Rg. 26 is a schematic cross-sectional view corresponding to an X-X perspective sectional form in Rg. 20 and illus- 
trating an ejecting operation of the liquid in the liquid-ejecting head with time together with Figs. 21 to 25, 27 and 28. 
Rg. 27 is a schematic cross-sectional view corresponding to an X-X perspective sectional form in Fig. 20 and illus- 
trating an ejecting operation of the liquid in the liquid-ejecting head with time together with Figs. 21 to 26 and 28. 
Rg. 28 is a schematic cross-sectional view corresponding to an X-X perspective sectional form in Fig. 20 and illus- 

50 trating an ejecting operation of the liquid in the liquid-ejecting head with time together with Figs. 21 to 27. 

Rg. 29 is a schematic perspective view of an ink-jet recording apparatus which is an example of a liquid-ejecting 
apparatus to which the liquid-ejecting head according to the present invention can be installed and applied. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] The present invention will hereinafter be described in detail by the preferred embodiments of the invention. 
[0024] An ink according to an embodiment of the present invention comprises as a colorant, a self-dispersing ani- 
onic carbon black having a functional-group density of at least 1 .8 (u.mbl/m 2 ) on the surface thereof, and a specific salt. 
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An ink according another embodiment of the present invention comprises the specific salt and a self-dispersing anionic 
caibon black having a functional-group density of at least 0.45 (mmol/g) on its surface, and undergoes no substantial 
change in viscosity even when it is stored for one month in an environment of 60 °C. The inks are generally prepared 
by dispersing or dissolving these components in an aqueous medium. The dispersion stability of the self-d.spersing car- 
bon black in the inks can be further improved by selecting self-dispersing carbon black having such functional-group 
density on its surface as described above. 
[0025] The components of the inks will be described in datail. 

(Salt) 

r0026] The specific salt is first described in detail. The salt is at least one selected from the group consisting of 
M 1 )oS0 4 CH 3 COO(M 1 ), Ph-COOfM 1 ), (M^NOg, (M^CI, (M 1 )Br, (M 1 )l. (M'feSQs and (M 1 ) 2 C0 3 , wherein M repre- 
sents an alkali metal, ammonium or organic ammonium, and Ph represents a phenyl group. Examples of the alkali 
metal represented by M 1 include U Na, K. RbWd Cs. Examples of the organic ammonium include methylammoniumr 
dimethylammonium, trimethylammonium, ethylammonium, diethylammonium, triethylammonium. nhydroxymethyl- 
amine, dihydroxymethylamine, monohydroxymethylamine, monoethanolammoinium, diethanolammonium and tneth- 
anolammonium. These ammonium groups are derived from their corresponding organic amines. 
[00271 The inks are so constituted that such a salt as described above is caused to be contained in an ink contain- 
ing a self-dispersing anionic carbon black having a functional-group density of at least 1.8 (jimol/m^) on the surface 
thereof which will be described subsequently, whereby the formation of high-quality images becomes feasible even 
when printing is conducted on paper having high permeability, by which high-quality images have been hard to provide 
with usual water-based inks, for example, plain paper. For example, when printing is conducted on paper having high 
permeability with the conventional water-based inks, sharpness of characters printed may be impaired, or .mage den- 
sity may be deteriorated in some cases. According to the inks, however, such difficulties are solved. The. reaspn why 
such excellent effects are achieved is not clearly known, but the present inventors believe It as follows. 
[00281 For example, when the ink is ejected onto the surface of paper as a recording medium by an ink-jet method 
to apply it thereto, solid-liquid-separation quickly occurs in the ink after it is deposited to the paper surface though a car- 
bon black pigment as a colorant is stably dispersed in the ink (as factors for causing this solid-liquid separation, capil- 
larity, evaporation of water, etc. are considered). Therefore, the above-described phenomenon that the sharpness or 
density of the image is impaired is considered to hardly occur. More specifically, if the solid-liquid separation in the ink 
occurs slowly on a recording medium, the whole ink diffuses into paper used as the recording medium when the paper 
has high permeability. As a result, the sharpness (character quality) of character printed is impaired, and at the same 
time the image density is naturally lowered because the ink deeply penetrates into the paper. However, when the solid- 
liquid separation on the recording medium occurs quickly like the ink, the colorant becomes hard to penetrate into the 
interior of the paper and so deep penetration of the colorant into the recording medium such as paper does not occur. 
When the ink, which quickly undergoes solid-liquid separation on the recording medium, is used, a high-quality image 
that is excellent in color developing property and does not impair sharpness and the like can be obtained irrespective 
of the kind of the recording medium used (in other words, the image is hardly affected by factors depending on the kind 
of paper such as the degree of permeability) even when printing is conducted on paper having relatively high permea- 
bility Further the use of the ink also brings about such an effect that the image density (reflection density) is enhanced 
due to the above-described phenomenon as compared with the use of an ink to which the salt is not yet added when 
the same paper is used for printing. , . 

[00291 The present inventors believe that the greatest factor for the rapid solid-liquid separation of the ink resides 
in evaporation of water after ejection. Of course, capillarity In the paper to which the ink is applied is also a factor caus- 
ing the solid-liquid separation. However, the present inventors consider that the greatest factor by which the solid-liquid 
separation on the recording medium is quickly caused as to the ink resides in evaporation of water after ejection on the 
basis of the following fact As the result of an investigation by the present inventors, it has been found that the ink under- 
goes solid-liquid separation more quickly compared with an ink containing no salt even on a clean glass surface. 
Namely this fact truly indicates that the ink undergoes the solid-liquid separation even in a state that the capillarity does 
not occur. Accordingly, the present inventors conclude that the greatest factor that causes the solid-liquid separation in 
the ink is evaporation of water after ejection. 

[0030] Further, the ink has another effect that when it is used in the formation of a color image, the occurrence of 
bleeding of different colors at the boundaries between them can be effectively prevented. Such an effect is also consid- 
ered to be attributable to the rapid solid-liquid separation of the ink on the recording medium. More specifically, when 
the solid-liquid separation of the ink occurs quickly, the solvent in the ink is immediately separated from the colorant and 
penetrates deeply into paper, so that the solidification of the colorant rapidly occurs. As a result, even when inks of dif- 
ferent hues are ejected so as to overlap each other on the paper upon the formation of a color image, the colorant in 
one of the inks is hard to bleed out on the side of the adjacent ink of different color, so that the occurrence of bleeding 
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Is effectively prevented. In addition, since the ink uses a self-dispersing anionic carbon black having a specific func- 
tional-group density on its surface as a colorant, the ink is prevented from increasing its viscosity during a long-term 
storage. As a result, the ink is excellent in the long-term shelf stability. This is considered to contribute to the achieve- 
ment of stable formation of high-quality images. 

5 

(Self-dispersing caibon black) 

[0031] The self-dispersing anion carbon black contained as a colorant in the inks will hereinafter be described in 

detail Examples of the self-dispersing carbon black making up the inks according to the present invention include ani- 
w onically charged carbon black to the surface of which at least one hydrophilic group is bonded directly or through 

another atomic group. When a carbon black having such a structure is used, it is unnecessary to add a dispers.ng agent 

for dispersing the carbon black to an ink like the conventional inks. 
[0 032] Examples of the self-dispersing carbon black anionically charged include those obtained by bonding to the 

surface of carbon black, for example, any of hydrophilic groups as described below: 
« -COO(M 2 ). -S0 3 (M 2 ) 2 , -P0 3 H(M 2 ) and -P0 3 (M 2 ) 2 

wherein M 2 is a hydrogen atom, alkali metal, ammonium or organic ammonium. 

[0033] Of these the carbon black anionically charged by bonding a hydrophilic group such as -COO(M ) or - 
SO,(M 2 ) 2 to the surface thereof can be particularly preferably used as a colorant for the inks according to the present 
invention since its disparsibility in the inks is good: Of those represented by *M in the above-described hydrophilic 
groups specific examples of the alkali metal include Li, Na, K, Rb and Cs, and specific examples of the organic ammo- 
nium include methylammonium, dimethylammonium, trimethylammonium, ethylammonium, diethylammon.um, tnethyl- 
ammonium, monohydroxymethyl-amine, dihydroxymethylamine and trihydroxymethylamine. 

[0034] The ink containing self-dispersing carbon black, in which M 2 is ammonium, as a colorant can more improve 
the water fastness of recorded images formed therefrom. Accordingly, such carbon black can ba particularly preferably 
used from such a point of view. This is considered to be attributable to the fact that when such an ink is applied to a 
recording medium, the ammonium is decomposed to evaporate ammonia, and then the hydrophilic group bonded to the 
surface of carbon black becomes H type to lose its hydrophilicity. The self-dispersing carbon black, in which M is 
ammonium, can be prepared In accordance with, for example, a process in which self-dispersing carbon black, in which 
M 2 is an alkali metal, is subjected to ion-exchange to substitute ammonium for the alkali metal (M ), or a process in 
which an acid is added to the self-dispersing carbon black to change it into the H type, and ammonium hydroxide is then 
added to substitute ammonium for H (M 2 ). 

[0035] As a method for preparing the anionically charged self-dispersing carbon black, may be mentioned, for 
example, a process in which carbon black is subjected to an oxidation treatment with sodium hypochlorite. By this proc- 
ess a -COONa group, which is a hydrophilic group, can be chemically bonded to the surface of carbon black. 
[0036] Such various hydrophilic groups as described above may be directly bonded to the surface of carbon black. 
Alternatively they may be indirectly bonded to the surface of carbon black by intervening another atomic group between 
the surface of carbon black and such a hydrophilic group. Specific examples of the atomic group include linear or 
branched alkylene groups having 1 to 12 carbon atoms, a substituted or unsubstituted phenylene group, and a substi- 
tuted or unsubstituted naphthylene group. Examples of substituent groups on the phenylene group and the naphthylene 
group include linear or branched alkyl groups having 1 to 6 carbon atoms. Specific examples of the combination of the 
atomic group and the hydrophilic group include -C 2 H 4 -COO(M 2 ), -Ph-S0 3 (M^ and -Ph-COO(M 2 ), wherein Ph is a 
phenylene group. 

[0037] In the present invention, two or more kinds of self-dispersing carbon black may be suitably selected from 
among the above-described self-dispersing carbon black to use them as a colorant for ink. The amount of the self-dis- 
peraing carbon black added into the ink is preferably within a range of from 0.1 to 1 5 % by weight, particularly preferably 
from 1 to 10 % by weight based on the total weight of the ink. By controlling the amount of the self-dispersing carbon 
black within this range, the self-dispersing carbon black can maintain a satisfactorily dispersed state in the ink. When 
the ink according to the present invention is prepared, a publicly known dye may be added as another colorant in addi- 
tion to the self-dispersing carbon black for the purpose of adjusting the color tone of the ink. 

[0038] Among the above-described various kinds of self-dispersing caibon black, in the following hydrophilic 
groups bonded to the surface of carbon black is particularly preferably ammonium or organic ammonium as described 
above: 

-COO(M 2 ), -S0 3 (M 2 ) 2 , -P0 3 H(M 2 ) or -P0 3 (M 2 ) 2 , wherein M 2 is a hydrogen atom, alkali metal, ammonium or 
organic ammonium. 

55 [0039] The investigation by the present inventors has revealed that the salt used in combination with the self-dis- 
persing carbon black in the inks according to the present invention is preferably a salt in which M 1 among the following 
salts is identical with M 2 : u . - 

(M 1 ) 2 S0 4 , CH 3 COO(M 1 ), Ph-COO(M 1 ), (M 1 )N0 3 , (M 1 )CI, (M 1 )Br, (M 1 )!, (M 1 ) 2 S0 3 and (M 1 ) 2 C0 3 , wherein M 



20 



25 



30 



35 



40 



45 



50 



6 



EP 1 086 997 A2 



10 



15 



' 25 



represents an alkali metal, ammonium or organic ammonium, and Ph represents a phenyl group. 
[0040] More specifically, the present inventors have found in the course of an investigation as to the effects by the 
addition of a salt to an ink comprising self-dispersing carbon black that when M 2 (counter ion) in the hydrophilic group 
of the self-dispersing carbon black is made identical with M 1 , the stability of the ink is particularly improved. The reason 
why such an effect is achieved by making M 1 identical with M 2 is not clearly known. However, it is considered that since 
no salt interchange occurs between the counter ion in the hydrophilic group of the self-dispersing carbon black and the 
salt in the ink, the dispersion stability of the self-dispersing carbon black is stably maintained. 
[0041] When both M 1 and M 2 are made ammonium, the water resistance or fastness of the resulting recorded 
images can be more improved in addition to the effect of stabilizing the properties of the ink. When Ph-COO(NH 4 ) 
(ammonium benzoate) is used as the salt to be contained in the ink at this time, a far excellent effect can be achieved 
even in the reejection stability of the ink from an orifice in an ink-jet head after ink-jet recording is suspended. 
[0042] As the result of a further investigation by the present inventors, it has been found that when carbon black 
having a-functional -group density of. at least 1 ^(urnol/m 2 ) on the surface thereof_amqng such anionically charged self- 
dispersing carbon black as described above is used, an increase in viscosity of the ink by long-term storage is pre- 
vented even when the above-described salt necessary to effectively prevent bleeding is added to the ink, so that an ink 
far excellent in long-term shelf stability can be provided without adding any dispersing agent or dispersion aid. 
[0043] As a method for measuring the functional-group density on the surface at this time, there is, for example, a 
method in which a carbon dispersion is purified, all counter ions are changed to sodium ions, the amount of the sodium 
ions is measured by a probe type sodium ion electrode to convert a concentration of the dispersion into ppm per solid. 
20 The conversion is conducted supposing that the hydrophilic group such as a carboxylic group is present in the same 
number of moles as the counter ion, i.e., sodium ion. If the functional-group density on the surface is too high in the 
present invention, it is considered that such self-dispersing carbon black becomes hard to form secondary particles in 
the ink, and the carbon black is present as primary particles in the ink. If the self-dispersing carbon black is present as 
primary particTes in the ink/ it is expected that the effect of improving the image density in an aspect of the present 
invention may be somewhat limited in some cases. In order to achieve the best effect, preferably, the functional-group 
density on the surface of the self-dispersing carbon black should not be enhanced to such an extent that the self-dis- 
persing carbon black cannot form secondary particles in the ink. 

[0044] When an image is formed with the ink to which the salt is added as described above, the reflection density 
(image density) can be increased compared with the case where the ink to which the salt is not yet added is used. This 

30 is an advantageous effect of the present invention. According to a further detailed investigation by the present inventors, 
the effect of the salt added to the ink according to the present invention is exhibited to the maximum when the self-dis- 
persing carbon black having a great average particle diameter is used as a coloring material. In Fig. 12, an axis of 
abscissa indicates an average particle diameter of the self -dispersing carbon black as a coloring material in an ink, and 
an axis of ordinate indicates an optical density (OD) of an image obtained by such an ink. Fig. 12 shows how changes 

35 in the average particle diameter of the self-dispersing carbon black influence the density of images obtained by two inks 
containing the self-dispersing carbon black as a coloring material, one of which contains the salt and the other of which 
contains no salt When ODs of the images obtained by the ink (a solid line, a) to which the salt has been added, and 
the ink (a solid line, b) to which no salt has been added are compared with each other, it is understood that the OD- 
improving effect of the ink to which the salt has been added becomes greater as the average particle diameter of the 

40 -self-dispersing carbon black increases. In other words, the results shown in Fig. 1 2 indicate that to simply enlarge the 
average particle diameter of the carbon black may not be directly related wfth a great improvement in OD in some 
cases. 

[0045] The reason why such a phenomenon occurs is not clarified. However, it is considered that a reason resides 
in that the self-dispersing carbon black is stably dispersed in the ink because of the functional group on the surface 

45 thereof. Namely, as illustrated in Fig. 1 3, the self-dispersing carbon black tends to reduce OD when the functional-group 
density on its surface is enhanced. This is considered to be attributable to the improvement of dispersibility of the car- 
bon black. The improvement itself of dispersibility is preferred from the viewpoint of application of the self-dispersing 
carbon black to an ink-jet ink. However, such carbon black is easy to penetrate into a recording medium together with 
a solvent when it is applied to the recording medium as an ink. In Fig. 12, the reason why there is little difference 

so between OD of the image by an ink containing carbon black A having a prescribed average particle diameter (x1 ) and 
the salt and OD of the image by an ink containing carbon black B having a relatively greater average particle diameter 
(x2) and containing no salt is considered to be due to the fact that the carbon black B penetrates into the recording 
medium whereas the carbon black A undergoes rapid solid-liquid separation on the surface of the recording medium 
by the action of the salt, and so OD substantially equal to that of the carbon black B is achieved though its particle diam- 

55 eter is smaller then the carbon black B. . 

[0046] The reason why an ink containing carbon black B and the salt exhibits very high OD as illustrated in Fig. 1 2 
is considered to be due to the fact that the carbon black is effectively prevented from penetrating into the interior of the 
recording medium by the rapid solid-liquid separation by the action of the salt as described above, and the effect 
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brought about by using the carbon black having a greater particle diameter is exhibited to the maximum. 
[0047] The effect of achieving high OD by using the self-dispersing carbon biack having a great particle diameter 
and the salt in combination is not such a critical effect that can suddenly be enjoyed from a particular particle diameter. 
However, when carbon black having an average particle diameter of at least 90 nm is used as the self-dispersing carbon 
5 black, the effect of improved OD due to the addition of the salt is visually and clearly recognized. When the average par- 
ticle diameter of the self-dispersing anionic carbon black in the ink is small, the effect of increasing the reflection density 
due to the addition of the salt is not very.great because the reflection density of the carbon black itself is low. On the 
other hand, when the average particle diameter of the self-dispersing anionic carbon black is greater, the effect of 
increasing the reflection density due to the addition of the salt is more marked because the reflection density of the car- 
jo bon black Itself is enhanced. From the above points of view, the average particle diameter of the self-dispersing anionic 
carbon black used in the present invention is most preferably at least 90 nm in that the effect due to the addition of the 
salt is achieved to the maximum. 
. [0048] - - The average. particle diameter of the self-dispersing anionic carbon black In the present invention defined 
as follows. The average particle diameter is expressed as a cumulant mean found on the basis of the principle of the 
rs dynamic light scattering method. In order to measure this average particle diameter, the measurement can be easily 
conducted by using a commercially available apparatus, for example, ELS-800 (trade name, manufactured by Ohtsuka 
Denshi K.K.). 

[0049] The ink according to the present invention is provided as an ink having excellent properties that image qual- 
ity does not undergo a great change depending on the kind of the recording medium used (particularly, irrespective of 
20 the permeability to ink of the recording medium), and high-quality images can be stably formed by using self-dispersing 
anionic carbon black having such a specific value as describe above as to functional-group density on the surface 
thereof as a colorant and causing such a salt as described above to coexist therewith. The detailed mechanism by 
which such an ink comes to exhibit such properties as described above has not been clarified up to the present How- 
' ever, With respect to' the Ka value determined by the Bristow method known as a measure indicating the penetrability . 
of an ink into recording media, the present inventors have found that the ink according to the present invention exhibits 
a great Ka value compared with an ink having the same composition except that no salt is added. The increase in Ka 
value indicates that the penetrability of the ink into recording media has been improved. It has heretofore been the com- 
mon sense of those skilled in the art that the improvement in the penetrability of an ink means the lowering of image 
density. More specifically, the those skilled in the art have heretofore recognized that the colorant also deeply pene- . 
trates into a recording medium together with the ink, and consequently the optical density of an image formed is low- 
ered. Judging from this recognition, the ink according to the present invention, which exhibits a great Ka value 
compared with an ink having the same composition except that no salt is added, will result in a failure to provide any 
image high in density and quality. 

[0050] Synthetically judging from the various findings as to the ink, the specific salt contained in such ink is consid- 

35 ered to cause such a special action that separation between the solvent and solids in the ink (solid-liquid separation) 
after it is applied to a recording medium extremely rapidly occurs. More specifically, if the solid-liquid separation upon 
the application of the ink to the recording medium is slow, it is foreseen that the ink isotropicaliy diffuses in the recording 
medium together with the coloring material when the ink has a great Ka value or the recording medium has high per- 
meability to ink, so that the sharpness of characters (character quality) is impaired, and moreover the image density is 

40 also lowered due to the penetration of the ink up to the deep interior of the recording medium. In the ink according to 
the present invention, however, such a phenomenon is not observed. It is therefore considered that the solid-liquid sep- 
aration of the ink rapidly occurs, and consequently high-quality images can be formed with high image density and color 
developing property in spite of the increase of Ka value of the ink. The reason why the deterioration of character quality 
and the lowering of image density hardly occur in the ink according to the present invention even when the recording 

45 medium has comparatively high permeability is considered to be the same as described above. 

[0051] Regarding this, further description is given with reference to Figs. 10A to 10C and Figs. 1 1 A to 11 C. 
[0052] Figs. 1 0A to 1 0C and Figs. 1 1 A to 1 1 C typically and conceptually illustrate a state of solid-liquid separation 
occurred when an ink containing the specific salt and an ink containing no such salt have been respectively ejected from 
an orifice by an ink-jet recording system to apply them to a recording medium having high permeability. 

so [0053] More specifically, right after the inks have been attached on the recording medium, both inks are in a state 
that the ink 1 001 or 1 1 01 has been put on the surface of the recording medium irrespective of the addition of the salt 
as illustrated in Figs. 10A and 11 A. After the time T1 has elapsed, the ink 1001, to which the salt has been added, 
quickly undergoes solid-liquid separation to separate the ink into a region 1005 containing almost all the solid compo- 
nents in the ink and a liquid medium in the ink as illustrated in Fig. 10B, and a penetration lead 1007 of the separated 

55 liquid medium proceeds to the interior of a recording medium 1 003. On the other hand, in the ink 1 1 01 to which no salt 
has been added, the ink penetrates into the interior of a recording medium 1103 in a state 1 105 undergoing no solid- 
liquid separation because the solid-liquid separation does not occur to the same extent as the ink, to which the salt has 
been added, as illustrated in Fig. 1 1 B. 
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[0054] After the time T2 has elapsed, In the ink 1 001 to which the salt has been added, the penetration lead 1 007 
of the liquid medium further proceeds to the interior of the recording medium 1 003, while the region 1 005 is retained as 
it remains on the surface of the recording medium and in the vicinity thereof as illustrated in Fig. 1 0C. On the other hand, 
in the ink 1 101 to which no salt has been added, solid-liquid separation starts at this point of time as illustrated in Rg. 
1 1 C and a difference is made between a penetration lead 1 1 07 of the solids in the ink and a penetration lead 1 1 09 of 
the liquid medium. However, a solid-containing region 1111 in the ink has already reached a deep part of the recording 
medium. Incidentally, the times T1 and T2 in the above description are represented as a standard for conceptually 
grasping a difference in solid-liquid separation between the presence and absence of the salt 
[0055] As apparent from the above description, the solid-liquid separation in the ink rapidly takes place on the sur- 
face of the recording medium due to the addition of the specific salt to the ink. Therefore, the solid-liquid separation 
starts at a relatively early stage after the ink lands on the recording medium, so that the pigment and the like remain on 
the surface of the recording medium, and the liquid medium and the like penetrate into the interior of the recording 
medium -It is thus considered.that. the above-described effects are_brought.about. Namely, It is considered that the 
image density and quality of an image formed become hard to be affected by the degree of permeability of the recording 
medium and the like since the specific salt is added. Among the above-described specific salts, benzoates (for exam- 
ple ammonium benzoate, etc.) are compatible with the self-dispersing carbon black as described above, more specifi- 
cally, far excellent in the solid-liquid separating effect when the ink is applied to a recording medium. As a result, the ink 
containing such salt permits the formation of images having far excellent quality on various recording media. 
[0056] Another effect by the addition of the salt in the inks includes improvement in intermittent ejection Stability of 
the ink The intermittent ejection stability is evaluated in the following manner. Namely, attention is paid to a predeter- 
mined nozzle in a recording head. Once an ink is ejected from this nozzle, the nozzle is left to stand for a predetermined 
period of time without conducting preliminary ejection of the ink or suction of the ink into the nozzle, and the ink is then 
ejected again from thenozzle. The ink is thus evaluated as to whether the ink is normally ejected from the beginning of 

the resumption of ejection of not. ' *' '". 

25 [0057] According to an investigation by the present inventors, it has been found that the above-mentioned vanous 
excellent effects are most effectively achieved when the above-described salt is contained within a range of from 0.05 
to 1 0 % by weight, particularly from 0.1 to 5 % by weight based on the total weight of the ink. The content of the self- 
dispersing carbon black contained as a colorant is preferably within a range of from 0.1 to 15 % by weight based on the 
- total weight of the ink. The contents of the self-dispersing carbon black and salt in the inks are both controlled within the 
30 above respective ranges, whereby far excellent effects can be achieved. 



(Medium) 

[0058] The medium of the inks will hereinafter be described. The inks comprise the above-described self-dispersing 
carbon black and salt. These components are generally dissolved or dispersed in an aqueous medium to prepare a 
water-based ink. Examples of the aqueous medium include water and mixed solvents of water and a water-soluble 
organic solvent. In the present invention, a mixed solvent of water and a water-soluble organic solvent is preferably 
used. As the water-soluble organic solvent, is particularly preferred a solvent having an effect of preventing the drying 
of inks. 

[0059] Specific examples of the water-soluble organic solvent include alkyl alcohols having 1 to 4 carbon atoms, 
such as methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol and tert- 
butyl alcohol; amides such as dimethylformamide and dimathylacetamide; ketones and ketone alcohols such as ace- 
tone methyl ethyl ketone, methyl isobutyl ketone and diacetone alcohol; ethers such as tetrahydrofuran and dioxane; 
polyalkylene glycois such as polyethylene glycol and polypropylene glycol; polyols the alkylene moiety of which has 2 
to 6 carbon atoms, such as ethylene glycol, propylene glycol, butylene glycol, methylene glycol, 1,2,6-hexanetriol, thi- 
odiglycol, hexylene glycol and diethylene glycol; lower alkyl ether acetates such as polyethylene glycol monomethyl 
ether acetate; glycerol; lower alkyl ethers of polyhydric alcohols, such as ethylene glycol monomethyl (or monoethyl) 
ether diethylene glycol methyl (or ethyl) ether and methylene glycol monomethyl (or monoethyl) ether; polyhydric alco- 
hols such as trimethylolpropane and trimethylolethane; N-methyl-2-pyrrolidone; 2-pyrrolidone; and 1 ,3-dimethyl-2-imi- 
50 dazolidinone. The water-soluble organic solvents mentioned above may be used either singly or in any combination 
thereof. With respect to the water, it is desirable to use deionized water. 

[0060] No particular limitation is imposed on the content of the water-soluble organic solvent contained in the inks. 
However, it is preferably within a range of from 3 to 50 % by weight based on the total weight of the ink. On the other 
hand, the content of water contained in the inks is preferably within a range of from 50 to 95 % by weight based on the 
55 total weight of the ink. ■ 

[0061 ] The inks may be used as inks for writing utensils and particularly inks for ink-jet recording. Ink-jet recording 
methods include a recording method in which mechanical energy is applied to an ink to eject droplets of the ink, and a 
recording method in which thermal energy is applied to an ink to eject droplets of the ink by bubbling of the ink. The inks 
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are suitable for use in these recording methods. 

[0062] When the inks are used in ink-jet recording, the inks preferably have such properties as they can be ejected 
from an ink-jet recording head. From the viewpoint of ejection from the ink-jet recording head, the inks are preferably 
controlled so as to have, as their own physical properties, a viscosity of 1 to 15 cP, particularly 1 to 5 cP and a surface 
tension of 25 mN/m (dyn/cm) or higher, particularly 25 to 50 mN/m (dyn/cm). 

[0063] An index indicating the penetrability of an ink into a recording medium includes a Ka value determined by 
the Bristow method. The inks are preferably prepared in such a manner that this Ka value indicates a specified value. 
More specifically, the penetrating amount V (mL/m 2 = urn) of ink into a recording medium after the lapse of a predeter- 
mined time t from the ejection of an ink droplet is expressed in terms of the Bristow's formula: 



10 



V = Vr+Ka(t-tw) 1/2 



- supposing that the penetrability-of-the. ink is expressed by an ink amount V per m 2 , twjs a contact or ;wettime and Vr is_ 

an amount of ink absorbed. 

75 [0064] Here, directly after the ink droplet is deposited onto the surface of the recording medium, almost all the ink 
is absorbed in irregularities (rough portions on the surface of the recording medium) in the surface and almost none 
penetrates into the interior of the recording medium. The time during that is a contact or wet time (tw), and the amount 
of ink absorbed in the irregularities during the wet time is Vr. When the contact time elapsed after the depositing of ink, 
the amount of ink penetrating through a recording medium increases in proportion to one half (1/2) power of the elapsed 

20 time exceeding the contact time, i.e (t - tw). Ka is a proportionality factor of this increment and represents a value in 
accordance with the penetration velocity. The Ka value may be determined by means of a dynamic penetrability tester 
(for example, Dynamic Penetrability Tester S, trade name, manufactured by Toyo Seiki Seisaku-Sho, Ltd.) for liquid 
based on the Bristow method. 

[0065] It is preferred from the viewpoint of further improvingthe quality of rebbrded" images that the inks be pre- - 
25 pared in such a manner that this Ka value is lower than 1 .5. It is more preferred that the inks be prepared in such a man- 
ner that the Ka value is not lower than 0.2, but lower than 1 .5. Namely, when the Ka value is lower than 1.5, the ink 
undergoes the solid-liquid separation at an earlier stage of the penetration of the ink into a recording medium, so that 
a high-quality image extremely little in feathering can be formed. 

[0066] The Ka value by the Bristow method is a value measured by using, as recording media, plain paper (for 
30 example, PB paper used for both copying machines and page printers (laser beam printers) using an electrophoto- 
graphic system manufactured by Canon Inc., and printers using an ink-jet recording system, and PPC paper which is 
paper for copying machines using an electrophotographic system). As measuring environments, ordinal office environ- 
ments, for example, temperature of 20 to 25°C, and humidity of 40 to 60% are assumed. 

[0067] Examples of preferable compositions of aqueous media by which such properties as described above can 
35 be imparted to the inks according to the present invention include those comprising glycerol, trimethyiolpropane, thiod- 
iglycol, ethylene glycol, diethylene glycol, isopropyl alcohol and acetylene alcohol among those mentioned above. In 
particular, when the Ka value is controlled to lower than 1 .5 as described above, a surfactant such as an ethylene oxide 
adduct of acetylene glycol ("Acetylenol", trade name, product of Kawaken Fine Chemicals Co., Ltd.), penetrable solvent 
and the like may be preferably added in respective prescribed amounts. 
40 [0068] In order to provide an ink having desired physical properties, a surfactant, an antifoaming agent, an antisep- 
tic, a mildewproofing agent, a pH adjuster, an antioxidant and the like may be added to the ink in addition to the above- 
described components, as needed. Further, a commercially-available water-soluble dye may also be added for the pur- 
pose of adjusting the color tone of the ink. 

45 (Ink set) 

[0069] The ink set according to the present invention will hereinafter be described. The ink set comprises in com- 
bination the ink (black ink) according to the present invention having the constitution described above and a water- 
based color ink comprising at least one coloring material selected from among coloring materials for cyan, magenta, 

so yellow, red, green and blue. More specifically, the ink set according to the present invention can be provided as an ink 
set suitably usable in the formation of color images by combining the black ink according to the present invention with 
at least one color ink selected from among a color ink comprising a coloring material for yellow, a color ink comprising 
a coloring material for magenta, a color ink comprising a coloring material for cyan, a color ink comprising a coloring 
material for red, a color ink comprising a coloring material for blue and a color ink comprising a coloring material for 

55 green. When such an ink set is used to conduct such recording that a black-image portion and a color-image portion 
adjoin each other, the bleeding at boundary regions between an image formed by the ink comprising carbon black 
according to the present invention and an image formed by the ink comprising another coloring material can be 
extremely effectively prevented from occurring. 
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[0070] The reason why such an ink set can effectively prevent the bleeding is not clearly known. However, it is con- 
sidered that the speed of solid-liquid separation of the ink on the recording medium surface participates in. The solid- 
liquid separation after the black ink is deposited to a recording medium as the effect arising from causing the self-dis- 
persing carbon black to coexist with the salt in the black ink of the present invention, and subsequent solidification of 
5 the coloring material quickly occurs, so that the black ink becomes hard to bleed into the color-ink side at the boundary 
portion in the color image. 

[0071] As a colorant used in preparing a color ink when an ink set is prepared by combining it with the ink according 
to the present invention, such known dyes and pigments as mentioned below may be used. The content of the colorant 
contained in other inks is preferably within a range of from 0. 1 to 1 5 % by weight, particularly, from 1 to 1 0 % by weight 

to based on the total weight of the ink. 

[0072] As dyes contained in other inks may be used conventionally known dyes, for example, acid dyes, reactive 
dyes direct dyes, food colors, etc. As anionic dyes, most of both dyes already known and newly synthesized may be 

used so far as they can provide images .having proper color. tone.and density when the images are formed thereby. 

Some of them may also by used in combination. 

is [0073] As specific examples of the anionic dyes usable in other inks, may be mentioned the following dyes: 

(Coloring material for yellow) 
[0074] 

20 

• C.I. Direct Yellow B, 11, 12, 27, 28, 33, 39, 44, 50, 58, 85, 86, 87, 88, 89, 98, 100, 110 and 132; 
C. I. Add Yellow 1 , 3, 7, 1 1 , 1 7, 23, 25, 29, 36, 38, 40, 42, 44, 76, 98 and 99; 
C.I. Reactive Yellow 2, 3, 17, 25, 37 and 42; and 
C.I. Food Yellow 3. 

(Coloring material for red) 

[0075] 

CI. Direct Red 2, 4, 9, 1 1 , 20, 23, 24, 31 , 39, 46, 62, 75, 79, 80, 83, 89, 95, 1 97, 201 , 21 8, 220, 224, 225, 226, 227, 
228 229 and 230* 

C.I. Acid Red 6, 8, 9, 13, 14, 18, 26, 27, 32, 35, 42, 51, 52, 80, 83, 87, 89, 92, 106, 1 14, 1 15, 133, 134, 145, 158, 
198, 249, 265 and 289; 

C.I. Reactive Red 7, 12, 13, 15, 17, 20, 23, 24, 31 , 42, 45, 46 and 59; and 
35 CI. Food Red 87, 92 and 94. 

(Coloring material for blue) 

[0076] 
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C I Direct Blue 1, 15, 22, 25, 41, 76, 77, 80, 86, 90, 98, 106, 108, 120, 158, 163, 168, 199 and 226; 
C.I. Acid Blue 1 , 7, 9, 15, 22, 23, 25, 29, 40, 43, 59, 62, 74, 78, 80, 90, 100, 102, 104, 117, 127, 138, 158 and 161; 
and 

CI. Reactive Blue 4, 5, 7, 13, 14, 15, 18, 19, 21, 26, 27, 29, 32, 38, 40, 44 and 100. 
(Coloring material for black) 
[0077] 

50 CI. Direct Black 17, 19, 22, 31, 32, 51, 62, 71, 74, 112, 113, 154, 168 and 195; 
CI. Acid Black 2, 48, 51, 52, 1 10, 1 15 and 156; and 
C.I. Food Black 1 and 2. 

[0078] Examples of solvents or dispersion media used In preparing the color inks include water and mixed solvents 
55 of water and a water-soluble organic solvent. As the water-soluble organic solvent, may be used the same solvents as 
those used in the inks according to the present invention. When such color inks are applied to a recording medium by 
an ink-jet recording method (for example, bubble-jet method), it is preferred that the color inks be controlled so as to 
have the above desired viscosity and surface tension in order for the color inks to exhibit excellent ink-jet ejection prop- 
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65 is also wiped at the time of this movement when ^ recording is 

[0090] The above movement of the recording head £ to ^ home posibo « m V ^ ^ n 

ber for feeding the ink. for example, a tube is contained. Here reference ^ 42 made of mb . 

tact - kv.h tho inw or ink set accordinq to the present invention may be suitably 

[00921 The ink-jet recording apparatus, in which the ink or cartridqe are separately provided. 

Lsed. are not limited to the apparatus as described above r^^^^^SS^L X 6- 

^ntion 9 po^rethane is preferably use, las a ^^J^Z^^W™**" 
[0093] The ink container portion may be cons* uct Sdi^S an air passage for communicating the 
Interior of which a spring or the like is provided. Reference "^JJ^iVptaot * the recording head 65 
interior of the recording unit 70 with the atmosphere. Th.s recording unit 70 is P 

shown in Fig. 4. and is detachab* ^™J£™ZZ good use of mechanical energy, may be mentioned an 
[0094] As a form of the ink-jet recording apparatus max ng g ,^ of nozz|es a 

On-Demand type ink-jet recording head comprising *™f£*™2t^^uJL material provided in an 
sure-generating device composed of a ^^Z 'ZXu^^g devices, wherein the pressure-gen- 
opposing relation to the no^e, and an ,„ k f.ed JJg^S from'the nozzles. An example of the op- 
erating devices are displaced by voltage a PPi»o»e^ ? recording apparatus, is illustrated in Fig. 7. 
struction of a recording head, which is a main ^^'^AJ^ 9 ^ chambe r (not illustrated), an orifice 

the like thereon. „h>*hMPn<*h« resin or the like. The orifice plate 81 is made 

material such as barium titanate or PZT. nnBrattttl in such a manner that pulsed voltage is applied 

[0097] The recording head with the above constructlor '"^onld to the piezoelectric element 83 
!o the piezoeiectric element 83 to generate a MMta ^^T^^ P—urized to eject 
is deformed by the energy of the stress, and the ink ,n ft. mh ; flcwpaft , SO - tn P rp ^ ^ a 

so ink droplets (not illustrated) from the ejecbon 0 ^*^^^£* i.iustrated in Fig. 4. Opera- 
recording head is used by incorporating it into an mk ^^^^^Zy n „ as described above, 
tion of details of the ink-jet recording apparatus may be conducted ^ ™ ™™ J, for examp le, a recording 
[0098] Whenaninksetaccordingtothep^ jn 3> afe 

apparatus can be used in which, for example recording heads ^^^^^g,, 92,93 and 94 indicate 
55 arranged on a carriage. An embodiment thereo f is ^strated ^^^^^ ^ recording units are 
— ^SSrS - seJto eject the respective color inks 
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Jet printer as a Hquidreieoting apparetwe ueingthis nead L lnKm «t e n«y conveying paper 1028 es 

[0,011 » R 9 . -4. the inne, pnn.ar compneee oo~e,*g „„«,„„ L,n b, en nrre. P in Fig. 
a reporting medium preveieO .long ho ■ long«d*nel MM"" = cae g suKK reiall, perpen- 

ward and reverse directions. * direction shown by an arrow R in Fig. 14, the 

l0 103] When the motor -10,8 Is operated ^^Z^SSZ^ hth. direction shown by the 
carriage member 1010a of the recording part 10 \° « "™ *™ p fl djrection rever se to the direction shown 
arrow S in F.g. 14. When the motor 1018 is operated to ^^™?*£££l ftm prescribed movement 
by the arrow R in Fig. 14, the carriage member 1010a of the porting , part ™J££Z ^006, a recovery unit 
in a cf.rect.on reverse tothe direction shown! 4£^~B ^^^,£2 ^ i-i to an array of ink- 

^open^^ 

53 10 i^rro 9 , — «- - b,ack - are 

detachably mounted on a carriage member 101 Oa. moun ted on the ink-jet recording appara- 
KecaK*^ 

and tne liquid such as an ink is directed te , « common " 0 2 is so constructed that the 

through a liquid feed passage (not illustrated) from the oan be supplied to the interior 

2iT 1 A STJSiSS the above-described liquid-ejecting head capable of being mounted on the ink-jet 
printer of such a construction will hereinafter be descnbe dm- detail , iquid -ejecting head showing 

EoiOS] ^•l^as.hematicperspect^ 

the basic form of the present invention, and Figs. 17 to 20 an inom electrotherma | converters are omitted, 

the liquid-ejecting headshown in Rg. 16. Electrical wmng and the I k ^*™j££^4 osed of glass , ceramic, 
p„oq inthe .iquid-ejectjg head •^**-^^^^JSS n i is not essentia, to the 
plastic or metal as illustrated ,n for example Rg. 16 . ^J*JJ,™ th forming memb er and as a 

present invention and is not particularly limited so far " for formj a liquid flow pat h and ejection 

support for an ink ejection-energy-generatmg element and a matenal ^^T* J ^ ^ where an Si 
openings which wi.l be described later. ™ erefore ^^ P"*-» » ,aser 

substrate (wafer) is used. The ejection openmgs can be torn* Mni ■JjJJ^J an J^ce plate (ejection-opening 

S^,g.i,«*renc.n u m.re,g3e,nO Br e S;r= ^^ 

ST "* - '* W — MO end me e]e*n.np.n,ng pia.e »3S .re .luaoaied ee separe* mem- 
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20 



25 



, • u cc a n. walk 936 mav be formed on the substrate 934 by a method such as spin coating, 
bers. However, the ink passage walls 936 may oe rorme member at the same time. 

-.ta-^f^ 
[0, 1 41 In the secta ol an electa opening part 940 ponded p the ejtaon direction of the orifice 

„ ngs L, . aecta Oaken aiong . tf.rtaon M.rsecfing ft. S^ta having a tana, 

pM e gas, t. sub f r«V ^^^^S^^-^^">«»" 
of an obtuse angle and 6 recessed portions B3ZD eacn naving a uu thirkness-wise direction (liquid-ejecting 

thaaep^adpor,^^ 

opening Is M as a baa. (see 1 1 41 a In Fig. 21 aa to me Pd^£ «"~* a ^ along a *ae«on inter- 

IS ,8 ' An ejecting .per*n of . KpU b» .he Wop. retading head - the aboeeOesotad conaructa wi. hero- 
ot en electrothermal converter irrespaclWs of tt» installing *eo«,n of a ihesA 

basis of a recording signal or the like as illustrateo in ng. * i . i h j , exceeds the e ec- 

fractions of the atmosphenc pressure. . of th bubb , e tte vo | urne of the bubble 1 01 turns 

illustrated in Rg. 24. nrooves 1 1 41 in a dispersed state, whereby 

[0123] In this embodiment, the ejection opening part has a plurality of J™ * 9 ion of the oove 

capil.iry force acts in an opposite direction F c to the recec ™ W ^ Sp^rain-ri also 
, 1 41 when the meniscus 1 02 recedes. As a compensated so as to give sub- 

referred to as "liquid" or "ink- in some cases) la at the time the meniscus receaes * y 
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•Mb* synvneftoa, ton. » »» oente- o< *e ** ««*« — » — — 15 " *" 

(ink) in the vicinity of the central axis of the eject.cn ^^^^J^^^ before the communication with 

La, 5 p. ha™ ai«»»d .rem M fem-w £. surfaoe o, fto hoafc, 93, as 

ttoe or the holer 931 as JiusOMed in Fig. 27. The I qua spreM so as 
de^odaoo^a^oftnnah^^^^^ 

oroplet) loo«ed oh ,ho w sids becomes thin, and 28 vl^W the >quid is sopped ih» 

.boa, 7 ns have lapsed ten, ft. formaSon ol fta nut*... ^ l^^rhL or n MM 93,. 

~ . L«„. an fta aojao. o, "^ZZZEXSl-. •»•> — > * * » — 

flow path, respectively. u««^=^Arriinn to this embodiment, the direction toward which the 

[0129] As described above, in the liquid-ejecting head * ^^ a ™* ^ of fte ejection opening 

Lin droplet Is ejected can be stabilized by a plurality o J^S^^^^^ *° 9 reatest ^ 
when the liquid is ejected at the stage that the volume rf .*^^^^ r | ^ B accu ^ can be provided. 

main oauao o, fta ao^allod swddon aieaaon be J"^ d „ ,„ „ hfch . buBUe s oo™,onb«ed 

Japanese Patent No. 2,783,647. recording systems, in particular, in recording heads 

fe utinzed^form a dropletto be ejected, thereby 

Lxampie, U.S. Patent No, 4,723, 29 and = *•*« sig- 

On-Demand type and continuous type. In particular, the On Demana W > . |ear boj| - is ap p, ied 
na. which corresponds to recording in.ormat.on and gives a rap , iquid (ink ) is retained, 
to an electrothermal converter arranged correspond. ng to a shee £ heat _ ac t ing surface 

thereby making the electrothermal converter generate hernia e ^o^ttm bo g ^ ^ 

achieved. It is therefore preferable to use such pulsed signals. 
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the present invention. Annlication Laid-Open No. 59-1 23670 which discloses the con- 

^Sl<-*i otfecfe o- thd ^ M ,*» « chip type todonding he., in 

,0,3s] in add*.-, ,h. pteson, ^^'f'^IZ^^^V^ » ,easible " 

- *^ - « - * — - 8 

also be effective for stable recording. invention is extremely effective for not only a 

[01401 As a recording mode of the recording apparatus the present invention * y ^ 

ever, inks solidified at room temperature or lower may also * «^ " s - nals used because it is general 

£S £E£EU the iiscLy of the ink so as to fa.l w.hin a -""»«^ are liquefied by applying ther- 
[0142] .n addition, the following due 
mal energy in accordance with recording signals and I ejected I as nqun m , & so|jd 

to thermal energy is positively prevented by using ^^•"^SJTJJ^ evaporation of the inks, and 
40 to a liquid phase and inks solidified in a >» " M -J^JJ^S ^ Lady beginning to solidify at 
,nks of a nature thatthey ^^^^^^^S Reform such that they are opposed to eiec- 
the time they reach a recording medium. In sue .cases the inKS * s sheet „ describe d in 

,5 boiling system is most effective tor the * ow ***f^'^? present invention, the following may be also addpted: 
[0,43] Aa forme dt the fedomng '^V^S^^Ma^^*^ fer ihtotmatlon processing 

- ^ — w,h ■ 

;rr e ™e?« 

electing apparatus to which the liquid-sfeshng hesd f°°°^» ^^^^fescrfbed «,uiS-.)ss*tg hs.d is 
,£,«] in Fig. 25. an Iha-fet heed cdttr dge 601 "* ^7* th«ln. The lnk-].t head ctrrdge 
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70 



75 



20 



30 



j ~ - ~iot*n miipr 609 bv a recording medium-conveying means 
presser plate 610. . . _ , _ f th<a i pa dscrew 605. These are home posi- 

Lei of the ink-jet head cartridge 601, in which ejection openings are presen . 

the ink-jet head cartridge 

suck an ink collected in the interior of the cap ^f^SSZ SSJ.il is conducted through an opening 
601. By this ink-sucking means 615, suction recovery of the mk ^f^ a ° of the ink . je t head cartridge 601 is 
(not Jstrated) in the cap. A cleaning blade 61 Lotions of the carriage 

provided movably in forward and backward directions ^» ' gre fi rted by a body 

607) by means of a moving member 618. These ^ n W^W^."™V£ cleaning blade may be used,- 
suppori 619. The cleaning Wade 617 is not limited to this ^S^^J^S for initiating suction is moved 
pSq Upon the suction recovery operator, ***** f^^J^ from the driving motor 602 , 
with the movement of a cam 621 engaged with the carnage 607, and the d 2 IP for ng & ^ 

transfer-controlled by a publicly known means sue as c iuteh s J^jJJ^, ^ conducting drive control of the 

— s ** - is not i,,ustrated in the 

sar - ink. ? ^.ng 

recording medium P' conveyed on the platen^ roHe ^ 09 ^ ™ fu|| ^ ofthe sorting medium P\ 
-while reciproc^^ 

[0151] As described above, according to the r W^ e T*^"™ ° ' ° h printing with a black ink upon con- 
vided water-based pigmenting hjgh jn 

du<*ng ink-jet recording, capabie of ^ ^ 

rr^3rssr^^ r * ». * ^ an « 8 * and 

recording processes and ink-jet recording apparatus ; using sue! , anink^ self-dispersing carbon 

[0152] According to an aspect of the present nvent.cn the ' ^ ^ ^ good dlS persibilrty of the self- 
Lk having a great particle diameter can be ut, zed images having high denstty. 

dispersing carbon black having a great part.de (ImMnM _ink th »™^P « f „ , Examples and C om- 

[0153] The present invention W..I heremafter so far as the subject matter of 

S-ESSS^cs." 



(Pigment Dispersion 1) 
40 [0154] 



45 



50 



g and 2.5 g of p^rtnobenrolc add ntaM «Mn 0 107 g ol «oto .M. H 5 g ot «a»t 

a group represented by the chemical formula 



rVcoo" 
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group density on the surface 



10 



15 



following manner and was found to be 94 nm. Th j e ^ e ^" re ^ e "V:^. K K , dilutjn y a the above aqueous solution of the 
(Pigment Dispersion 2> 

wastathe, added to the mux. and the 
resented by the chemical formula 



fA-coo" 
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was introduced to the surface of the carbon black . _ ' _ ■ • _ f the se | M ispersing carbon 

tively. 

{Pigment Dispersion 3) 

p«, AfteMO g ofca*onb te c*h^^ 

g and 1 .2 g of p-aminobenzoic acid i"™*™*^ a soSn of f 07 g of sodium nitrite in 5 g of water 

to the mixture, followed by stirnng at 70°C. After several minutes asom or g ^ 

resented by the chemical formula 



40 




rVcoo" 



was introduced to the surface of the carbon black. diameter of the self-dispersing carbon 

Eete^rrr^^^ 

following process. 



EXAMPLE 1 
55 (Black Ink 1) 



-Le~=^^ 
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preparing Black Ink 1 . 
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Pigment Dispersion 1 described above 
Ammonium benzoate 
Trimethyiolpropane 
Glycerol 

Diethylene glycol 

Ethylene oxide adduct of acetylene glycol (Acetyienol EH, trade name) 
Water . .--^-^---^^ 



EXAMPLE 2: 



(Black Ink 2) 



30 parts 

1 part 

6 parts 

5 parts 

5 parts 

0.15 parts 
52.85 parts. 



preparing Black Ink 2. 
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Pigment Dispersion 3 described above 
Ammonium benzoate 
Trimethyiolpropane 
Glycerol 

Diethylene glycol 

Ethylene oxide adduct of acetylene glycol (Acetyienol EH, trade name) 
Water 



30 parts 

1 part 

6 parts 

5 parts 

5 parts 

0.15 parts 
52.85 parts. 



COMPARATIVE EXAMPLE 1: 



40 



(Black Ink 3) 

[0164] 

filtered 
45 preparing Black Ink 3 



The following components were mixed andthoroughly stirred irrto a solution. The resutent f'^° n m W ^f e e " 
fibred undr P "S a microtia (product of Fuji Photo Rim Co., Ltd.) having a pore s,ze of 3.0 ,m. thereby 



55 



Pigment Dispersion 2 described above 


30 parts 


1 part 


Ammonium benzoate 




6 parts 


Trimethyiolpropane 


Glycerol 


5 parts 


Diethylene glycol 


5 parts 


Ethylene oxide adduct of acetylene glycol (Acetyienol EH, trade name) 


0.15 parts 


52.85 parts. 


Water 
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[0165, Main features of the black inks according to EXAMPLES 1 and 2 and COMPARATIVE EXAMPLE 1 are 
shown collectively in Table 1 . 



10 



Table 1 




Functional-group den- 
sity on surface ftimol/m 2 ) 


Average particle diame- 
ter (nm) 


Ex. 1 


2.31 


94 


Ex.2 


2.26 


85 


Comp. Ex. 1 


0.96 


94 
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20 



(Evaluation) 

recording signals to the ink. The results are shown in Table 2. 



1) Intermittent ejection stability: 
[0167] The ink-jet recording a\ 



a thermo-hygrostat of 1 5°C/1 0% for one hour. 



pparetus was charged with each of the above-described black inks and I lefl ttc .stand 
Thereafter, the ink was ejected dot by dot from each nozzle and after 



dot was evaluated in accordance with the following standards: 

a- No printing disorder was observed on all the nozzle in all the ten printing cycles; 

use; and 

d: Printing disorder was observed in the ten printing cycles. 



[0168] 



The following plain papers A to E for copying were used as the recording media in the evaluation. 



35 



40 



A: PPC PAPER NSK (trade name, product of Canon Inc.), 
B: PPC PAPER NDK (trade name, product of Canon Inc.), 
C* PPC PAPER 4024 (trade name, product of Xerox Co., Ltd.), 
D: PPC PAPER PLOVER BOND (trade name, product of Fox River Co.) 
E: CANON PPC PAPER (product of Noididora Co.). 
[0169] Plain papers A, B, C, D and E for copying which are gh,en in the following all correspond to those plain 
papers A, B, C, D and E. 
45 2) Image or Printing density: 

accordance with the following standards: 

a: A difference in printing density among the plain papers A, B, C, D and E for copying was lower than 0.1 between 

the maximum and the minimum; and a R C D end E for copying was not lower than 0.1 

c: A difference in printing density among the plain papers A, B, C, D ena t xor copy 9 

between the maximum and the minimum. 
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3) Quality of character: 

[0171] The above-prepared black inks were used to conduct printing of characters on the plain papers A. B. C, D 
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and E for copying which are different in permeability to ink from one another, by means of the above-described ink-jet 
TeLVZT^. At this time, the quaiity of chamcter was evaiuated by whether feathenng occurred or not in 
accordance with the following standards. 

a: Feathering was scarcely seen on the 5 kinds of paper; 
b: Feathering was somewhat seen on some papers; and 
c: Feathering occurred on all the 5 kinds of paper. 

4) Water fastness: 

HH721 The above-prepared black inks were used to conduct printing of characters on the plain papers A B C D 
andl for c^ng by m ans of the above-described ink-jet recording apparatus. After a predetermined period of tm. 
apseS 

background staining. The result thereof was evaluated in accordance wrth the following standards, 

a: Background stain became inconspicuous in all the plain papers A, B. C. D and E for copying within one hour after 

TbX™»* stain became inconspicuous in all the plain paper, A. B, C, D and E for copying within one day after 
ie printing; and 
20 c: Background stain was < 
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15 



the printing; and conspjcuous jn m papere even after at , e ast one day had elapsed from the printing. 



25 



30 



5) Shelf stability: 

101731 The above-described black inks were evaluated as to shelf stability thereof. More specifi 'j^ 
. * ^TnrnHt.rt of Shot Co ) were provided and each 1 00 mi of the black inks were separately placed in these 

accordance with the following standards. 

a nhpnoe in the viscositv of the ink was scarcely observed before and after left to stand; 

c^grTa^cK of tne ink ^ observed before and after ,eft t0 M ' 



Table 2 
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1) 


2) 


3) 


4) 


5) 


Ex. 1 


a 


a 


a 


a 


a 


Ex.2 


a 


a 


a 


a 


a 


Comp. Ex. 1 


a 


a 


a 


a 


b 



(Note) 

1) Intermittent ejection stability; 

2) Printing density; 

3) Quality of character; 

4) Water fastness; 

5) Shelf stability. 

roi74i As apparent from the results shown in Table 2, it was found that the inks according to the Examples of the 

prese nt J5£££*Z images high in the character quality and printing densrty when printm , ^ 

for examp" an ink-jet recording method, and were little in dependency on the kinds of paper. Further, they were also 

SET ^afltnLTexperiment, Black Ink t-A was prepared which has the same ink composition as that in 
ExImPLeT^ Tat the^mmonium benzoate was removed and subsftuted with water m the correspond^ 
SZ^r^Ji. also prepared which has the same ink composition as 

QmmftniHm hpn7oate was removed and substituted with water in the corresponding amount. These inks were usea 10 
ZZZ sZZZl ZZZ Clones to printing density on the plain papers A, B, C, D and Eforcopy.ng by 
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means of the above-described ink-jet recording apparatus. At this time, the printing densfty was measured by means of 
^densitometer (manufactured by Macbeth Company), thereby obtaining the following results. 

(Results) 

roi76] The average printing density of Black Ink 1 on the 5 kinds of paper was higher by at least 0.2 than the aver- 

ESh. SSZ S pten. i— by «. M =*bon bfack h„in 9 a n avercge pa* 

cle diameter of at least 90 nm and adding the salt to the ink. 

EXAMPLE 3: 

[0179] Black ink 1 , Yellow Ink 1 . Magenta Ink 1 and Cyan Ink 1 respective* prepared in the following manner were 
combined with one another to provide an ink set according to this example. 

(Black Ink 1) 

[0180] A black ink was prepared in the same manner as in the case of Black Ink 1 in EXAMPLE 1 . 

.(Yellow Ink l) ... ........ 

101811 Thetoltowlngeon^ 

Sered undl^sTreLugh a microfifter (product of Fuji Photo Rim Co., Ltd.) having a pore s*e of 0.2 pm. thereby 
preparing Yellow Ink 1. 
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Ethylene oxide adduct of acetylene glycol (Acetylenol EH, trade name) 

Diethyiene glycol 

Glycerol 

C.I. Direct Yellow 86 

Water 



1 parts 
1 0 parts 
5 parts 
3 parts 
81 parts. 



40 (Magenta Ink 1) 

[0182] 

filtered 
preparing Magenta Ink 1 

45 



The following components were mixed and thoroughly stirred into a solution. The "^^""T^™ 
fittered undlr press'e Lug'h a microfllter (product of Fuji Photo R.m Co., Ltd.) having a pore s*e of 0.2 um, thereby 



50 



Ethylene oxide adduct of acetylene glycol (Acetylenol EH, trade name) 

Diethyiene glycol 

Glycerol 

C.I. Acid Red 35 

Water 



1 parts 
1 0 parts 
5 parts 
3 parts 
81 parts. 
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(Cyan ink 1) 

roi831 Thefollovrfng«>mponentsw^^ 

S .J^^-i a microfilter (product of Fuji Photo F„m Co., Ltd.) having a pore s,ze of 0.2 urn. thereby 
preparing Cyan Ink 1. 



10 



15 



Ethylene oxide adduct of acetylene glycol (Acetylenol EH, trade name) 

Diethylene glycol 

Glycerol 

Ci Acid Blue 9 

Water 



1 parts 
10 parts 
5 parts 
3 parts 
81 parts. 



COMPARATIVE EXAMPLE 2 

* [0184] Black Ink 3 prepared in COMPARATIVE EXAMPLE 1 was combined with Yellow Ink 1, Magenta Ink 1 and 
~ . u h ~ q ~h in fy am pi F 3 to Drovide an ink set according to this comparative example. 

25 signals to the ink. The results thereof are shown in Table 3. 
(Bleeding) 

r0186l As an printed image for evaluating resistance to bleeding was used a printed image obtained in the foHowng 
results are shown in Table 3. 

35 

Evaluation standards of resistance to bleeding: 
[0187] 

a: A boundary line between the two colored areas was distinct, and neither bleeding nor color mixing was observed 
J between the two colored areas was clearly present, but some bleeding or color mixing was 

observed at the boundary in some papers; 

c: A boundary line between the two colored areas was indistinguishable. 
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Table 3 
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Resistance to bleeding 


Example 3 

Comparative Example 2 


a 
c 



2« -«*-V JUL fte oc~ o, «e0 «po„ ft. — > o, co,=r W . —en, « 
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long-term shelf stability and stably forms high quality images. The ink contains at least one salt selected from the group 
consisting of (M 1 ) 2 S0 4 , CH 3 COO(M 1 ), Ph-COO(M 1 ), (M 1 )N0 3 , (M 1 )CI, (M 1 )Br, (M 1 )l, (M 1 ) 2 S0 3 and (M ) 2 C0 3 , 
wherein M 1 represents an alkali metal, ammonium or organic ammonium, and Ph represents a phenyl group, and a self- 
dispersing anionic carbon black having a functional-group density of at least 1 .8 Qimol/m ) on its surface. 

Claims 

I An ink comprising at least one salt selected from the group consisting of (M 1 ) 2 S0 4 , CH 3 COO(M 1 ), Ph-COO(M 1 ), 
(M 1 )N0 3 (M 1 )CI, (M 2 )Br, (M 1 )l, (M 1 ) 2 S0 3 and (M 1 ) 2 C0 3 , wherein M 1 represents an alkali metal, ammonium or 
organic ammonium, and Ph represents a phenyl group, and self-dispersing anionic carbon black having a func- 
tional-group density of at least 1.8 (u.mol/m 2 ) on its surface. 

2. The ink according to ClaJmJ., wherein the salt is contained in a proportion of 0.05 to 10 % by weight based on the 
total weight of the ink. 

3. The ink according to Claim 2, wherein the salt is contained in a proportion of 0.1 to 5 % by weight based on the total 
weight of the ink. 

4. The ink according to any one of Claims 1 to 3, wherein the self-dispersing anionic carbon black has at least one 
hydrophilic group bonded directly or through another atomic group to the surface thereof. 

5 The ink according to Claim 4, wherein the hydrophilic group is selected from the group consisting of -COOfM 2 ), - 
S0 3 (M 2 ) 2 , -P0 3 H(M 2 ) and -P0 3 (M 2 ) 2 , wherein M 2 is a hydrogen atom, an alkali metal, ammonium or organic 
ammonium.* " 

6 The ink according to Claim 4 or 5, wherein said another atomic group is an alkylene group having 1 to 12 carbon 
atoms, a substituted or unsubstituted phenylene group, or a substituted or unsubstituted naphthylene group. 

7 The ink according to Claim 4, wherein the hydrophilic group is selected from the group consisting of -COO(M 2 ), - 
S0 3 (M 2 ) 2 and -P0 3 (M 2 ) 2 , and M 2 in the above formulae is identical with M 1 in the formulae representing the salt in 
any one of Claims 1 to 4 and 6. 

8 An ink comprising at least one salt selected from the group consisting of (M 1 ) 2 S0 4> CH 3 COO(M 1 ), Ph-COO(M 1 ), 
(M 1 )N0 3 (M 1 )Cl, (M 1 )Br, (M 1 )l, (M 1 ) 2 S0 3 and (M 1 ) 2 C0 3 , wherein M 1 represents an alkali metal, ammonium or 
organic ammonium, and Ph represents a phenyl group, and a self -dispersing anionic carbon black having a func- 
tional-group density of at least 0.45 (mmol/g) on its surface, the ink undergoing no substantial change in viscosity 
even when it is stored for one month in an environment of 60°C. 

9. The ink according to any one of Claims 1 to 8, wherein the self-dispersing anionic carbon black has an average par- 
40 tide diameter of at least 90 nm. 

10. The ink according to any one of Claims 1 to 9, wherein the ink is an ink for ink-jet. 

II An ink set comprising in combination the black ink according to any one of Claims 1 to 9, and a water-based color 
45 ink comprising at least one coloring material selected from among coloring materials for cyan, magenta, yellow, 

red, green and blue. 

12. The ink set according to Claim 1 1 , wherein the coloring material for the color ink is an acid dye or a direct dye. 
so 13. The ink set according to Claim 1 1 , wherein the coloring material for the color ink is a pigment. 

14. The ink set according to any one of Claims 11 to 13, which is used for ink-jet. 

15. An ink cartridge comprising an ink tank which contains the ink according to any one of Claims 1 to 10. 

16. A recording unit comprising an ink container portion containing the ink according to Claim 10, and a head portion 
for ejecting the ink. 
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17. An image recording apparatus comprising an ink container portion containing the ink according to Claim 10, and a 
recording head for ejecting the ink. 

18. A color-image recording apparatus comprising an ink container portion containing the ink according to Claim 10, 
5 another ink container portion containing a water-based color ink comprising at least one coloring material selected 

from among coloring materials for cyan, magenta, yellow, red, green and blue, and recording head portions for 
respectively ejecting the inks contained in the respective ink container portions. 

19. An image recording process comprising the step of ejecting the ink according to Claim 1 0 toward the surface of a 
w recording medium to apply the ink to the surface thereof, thereby recording an image. 

20. The image recording process according to Claim 19, wherein the energy for ejecting the ink is thermal energy. 

21. The image recording process according to Claim 19, wherein the energy for ejecting the ink is mechanical energy. 

15 

22. A process for forming a color image comprising the steps of ejecting a first water-based ink comprising at least one 
coloring material selected from among coloring materials for cyan, magenta, yellow, red, green and blue toward the 
surface of a recording medium to apply the ink to the surface thereof; and ejecting the ink according to Claim 1 0 as 
a second ink toward the surface of the recording medium to apply the second ink to the surface thereof. 

20 

23. A water-based ink-jet ink comprising a self-dispersing carbon black having an average particle diameter of at least 
90 nm and stably dispersed in an aqueous medium, and a salt, wherein the density of an image obtained by the ink 
is lowered if the salt is not contained. 

25 24. A method for improving the image density of an ink-jet recorded image formed with an ink comprising a self-dis- 
persing carbon black having an average particle diameter of at least 90 nm and being stably dispersed in an aque- 
ous medium, the method comprising causing a salt to be contained as an agent for inhibiting penetration of the self- 
dispersing carbon black into the interior of a recording medium in the ink. 
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